Formylation reactions are fundamental operations in synthetic chemistry allowing the incorporation into a given structure formyl groups amenable to further derivatization. Conceptually, the introduction of such groups through the reaction between an electrophilic donor and a nucleophilic acceptor (i.e. organometallic reagent) constitutes a reliable technique with widespread applications. In this Highlight, we summarize the effectiveness of the so called pyridine -in such a chemistry with vistas to the synthesis of natural products and biologically active substrates.
The formyl motif is an ubiquitous functionality in natural product chemistry ( Figure 1 ) and represents a versatile tool in organic transformations because of the particular reactivity conferred by the classical carbonyl-type mesomerism (Scheme 1). As such, its polarizability is reflected by the hard donor oxygen and by the fairly hard acceptor carbon behavior (A, Scheme 1). Moreover, by connecting the formyl group to a heteroatom presenting a non-bonded pair of electrons (B, Scheme 1) (e.g. nitrogen), the electrophilicity of the resulting carbonyl carbon decreases considerably: the resulting amide-type derivatives do present a tamed reactivity towards nucleophiles (Scheme 1) [ Because of this outstanding importance, the installation of the formyl functionality into a given organic framework constitutes a formidable challenge for synthetic chemists and, in this context, various tactics and reagents have been designed and developed for introducing it in a chemo-and regioselective fashion [2] . A preliminary categorization distinguishes two major classes of reagents (Scheme 2): (a) formylating agents working under acid catalysis conditions and, (b) electrophilic agents delivering the CHO group to polarized species (i.e. carbanions) [2] .
Friedel-Craft's chemistry represents a classical method to accomplish formylations, as reported in 1897 by Gattermann and Koch who generated the highly electrophilic formyl from carbon monoxide under superacidic conditions (path a) [3] . Alternatively, dichloromethyl ethers and dichloromethyl amines are suitable precursors of the CHO motif under analogous conditions (path b) [4, 5] . Formyl fluoride in the presence of a Lewis acid -introduced by Olah -shows a remarkable substrate scope as documented in the cases of alcohols, phenols, thiols, and primary and secondary amines (path c) [6] . Interestingly, also the relatively inert formic acid may be employed; however, performing reactions in the presence of the corresponding anhydride improves the efficiency of the processes (path d) [7, 8] . Finally, the Vilsmeier-Haack-Arnold (VHA) reagent (N-chloromethylene-N,N-dimethylammonium chloride) is an effective precursor of formyl scaffolds, mainly for the synthesis of polycarbonyl compounds such as malondialdehyde (path f) (Scheme 2) [9, 10] . A conceptually distinct approach relies on the direct transfer of the formyl unit to an organometallic reagent such as organomagnesium or organolithium compounds. This tactic evidently requires the design of convenient precursors which do not suffer common side reactions for these reactive species such as over addition or reduction [11a-f] . In this sense, because of the aforementioned mild reactivity of amide derivatives, N-formylamines are excellent scaffolds for delivering the CHO fragment.
NPC Natural Product Communications

The Comins and Meyers amide
Among the plethora of reagents designed for such a purpose, a prominent role is played by [2-(N-methyl-N-formylamino)]pyridine (1) introduced in 1978 by Comins and Meyers for the formylation of Grignard reagents to access aldehydes in good yields and selectivities (vide infra) [12] . Although nowadays it is commercially available, it can be smoothly prepared from 2-aminopyridine and phenyl formate followed by methylation of the resulting 2-(N-formylamino)pyridine (Scheme 3).
Upon the addition of an organomagnesium reagent (2) to 1 the stable six-membered chelate intermediate (3) is formed (Scheme 4): the nitrogen at the 2-position of the pyridyl ring coordinates efficiently with the magnesium counterion (MgX) of the so generated alkoxyde, thus inhibiting overaddition phenomena. Finally, only upon acidic treatment is the desired aldehyde (5) released jointly with 2-N-methylpyridine (4). This method can be applied to the addition of various Grignard reagents such as aryl, alkyl, vinyl and acetylenic species [12] . It should be observed that analogous coordination effects are responsible for the effectiveness of the so called Weinreb amides (N-methoxy-N-methylamides) (6) in the synthesis of carbonyl compounds starting from organometallic reagents [13, 14] . However, the somewhat tedious access to the Weinreb amide of formic acid renders this last strategy less explored than the corresponding addition to amides of distinct acids (Scheme 4) [12, 13] . It is worth noting that Comins-Meyers amides are amenable substrates to afford the "one pot" synthesis of unsymmetrical secondary and tertiary alcohols (16) through the consecutive additions of two different nucleophiles (Scheme 6). Evidently, this particular behavior of non-formyl MAPAs relies on the weaker coordination of the metal in structure 13, which renders the C-N bond labile to further attack by a second. The addition of the second nucleophile is triggered by the increase of temperature which evidently facilitates the collapse of the first intermediate (Scheme 6) . More recently, MAPA substrates (18) have been accessed by Odell et al. via the microwave-assisted Pd-catalyzed Heck aminocarbonylation with either Mo(CO) 6 or W(CO) 6 . As shown in Scheme 7, this protocol is applicable to differently functionalized aryl bromides (17) , which, except in rare cases, react better than the corresponding iodides [16] . 
Applications in natural products synthesis
The seminal studies by Comins and Meyers provided useful insights, not only for the mechanistic aspects, but also for the Comins-Meyers amide in synthetic chemistry: an overview Natural Product Communications Vol. 11 (11) 2016 1731 potentiality of the reagent in multi-steps synthesis. In 1983 they documented the employment of 1 during the total synthesis of the anticancer agent (-)-maysine, which required the formylation of the sulfur-stabilized Grignard reagent 21 (Scheme 8) [17] .
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Me In 2009 Lovely and coworkers reported the total synthesis of nagelamide D, a pyrrole-imidazole containing natural product, isolated from Agelisida, Axinellida, and Halichondrida spp. As depicted in Scheme 9, the crucial formylation of the protected 4,5-diiodoimidazole (23) was accomplished through the selective magnesiation at C5, followed by treatment with MAPA (1). Subsequent olefination, reduction and protection afforded 27, the pivotal precursor of the target molecule [18] . The same group adopted an analogous approach for the total synthesis of the Leucetta-derived alkaloid calcaridine A (Scheme 10). Although the formylation step in the presence of 1 worked nicely, diastereoselectivity issues motivated the switching to a different formyl source (N-methylformanilide) providing the correct stereoisomer required for ending the synthesis [19] . Roehr et al. employed 1 for the synthesis of the serotonin re-uptake inhibitors 37a and 37b (Scheme 11). The use of the Comins-Meyers formylating agent proved to be ideal since the desired 3-formylated compound 36 was obtained as the exclusive reaction product upon lithiation and subsequent quenching with it. This is a big advantage compared with procedures paved on the use of different sources of CHO such as DMF, which caused severe chemoselective issues, thus lowering the synthetic appeal of the method. In fact, although the reaction of the lithiated species with DMF ensures the correct delivery of the formyl group at the 3-position, the released N,Ndimethylamine is able to perform an aromatic nucleophilic displacement on the fluorine-bearing 2-and 6-positions. As such, the undesired compounds 34 and 35 are formed. On the other hand, the Comins-Meyers amide generates, upon reaction with an organometallic species, the low nucleophilic 2-methylaminopyridine (which, evidently cannot react via a S N Ar process), therefore delivering the building block with excellent selectivity, as required for finalizing the pharmaceutically oriented synthesis [20] . . Such a ring system displays significant biological activities, good affinity and selectivity towards adenosine A 3 , GABA and NMDA receptors [21] . 
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Conclusions and outlook
Comins-Meyers amide congeners are useful reagents for introducing not only a formyl group but also ketone-type carbonyls susceptible to further derivatization. The driving force for eliminating the risk of overaddition side reactions in the case of Grignard reagents is the formation of a stable chelate triggered by the coordinative capability of the pyridyl nitrogen lone pair for the MgX counterion. Remarkably, when organolithium reagents are added the resulting chelate displays an increased tendency to react further with the same or with a different nucleophile, thus affording tertiary alcohols. Although numerous applications of this versatile reagent are known, in our opinion, more detailed studies regarding the addition of functionalized organometallics (e.g. carbenoids) are needed to estimate better its real potentialities in C-C bond forming transformations.
